A study was conducted to elucidate the effects of social factors on the concentrations of boar taint substances, androstenone and skatole, in boars. The factors included dominance (social rank) and the effects of strongly tainted animals on other members of the group. Four successive replicates of 100 pigs (50 boars + 50 gilts) with an average live weight of 24 kg were randomly allocated to 10 pens of 10. Data for this study were collected during the period of 67 to 114 kg of live weight and included the repetitive recording of agonistic behavior during competitive feeding; blood sampling for determination of plasma androstenone, skatole and testosterone in boars; feces sampling for determination of skatole content; and collection of bulbourethral glands in boars, and uteri plus ovaries in gilts at slaughter, for the assessment of sexual maturity. Results show an influence of social rank on plasma concentrations of androstenone (P = .0001) and testosterone (P = .0001), the weight of the bulbourethral glands (P = .0001), and plasma skatole (P = .02). Pens were classified according to the pig with the highest concentration of androstenone in the pen into high, medium, and low maximum pens. In pens with high maximum concentrations of androstenone, the second-
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Received December 28, 1998 . Accepted July 16, 1999 296 highest androstenone concentration (P = .0001), and the average concentration (P = .0003) in the pen were higher than those in pens with medium or low maximum concentrations of androstenone. Mean aggression level was also higher (P = .02), but pens with high maximum aggression level did not have higher mean androstenone concentration. Rank effect on androstenone was more important than aggression effect. Neither maximum androstenone concentration nor maximum aggression level in a pen was related to the pen mean stage of sexual maturity in either sex. No influences of rank, aggression, or aggression received were found on the feces skatole level, and no pheromonal communicative function was demonstrated for skatole. High androstenone concentrations did not have a suppressive effect on androstenone concentrations in other males of the group; on the contrary, the levels were increased. This may be due to a stimulating effect of androstenone and, possibly, mating activity. Consequently, in the production of boars for slaughter, strongly tainted animals should be avoided or removed and mating activity minimized. This could be facilitated by, for instance, slaughtering before sexual maturity or separate rearing of the sexes. to two substances: androstenone (5α-androst-16-ene-3-one) and skatole (3-methyl-indole). Androstenone, the male pheromone produced in the testes, is stored in fat and salivary glands. It is released from the salivary glands during courtship "champing" and attracts and induces the mating stance in an estrous sow (Signoret et al., 1975) . Androstenone reduces aggressive behavior when sprayed on young pigs (McGlone et al., 1986) , but it did not have such an effect on sows (Stansbury and McGlone, 1987) . Androstenone concentration is related to sexual activity (Andresen, 1976) and to social rank (Jonsson, 1985) in pigs. Dominant male pigs, in keeping with what is known about dominance effects of pheromones in rodents, canids, and nonhuman primates, could produce large amounts of pheromone that would suppress the sexual development of other males of the group (Claus et al., 1994) . The effect could be attributed to specific pheromones or to effects of subordination and received aggression. The presence of a mature boar should, thus, be able to reduce taint in surrounding animals.
Skatole originates from the microbial degradation of tryptophan in the hindgut, is absorbed by the blood, and is also deposited in fat. Social stress may influence intestinal function (Grauvogl and Buchenauer, 1976) and possibly affect the amount of skatole produced. Social factors could, therefore, affect boar taint substances in several ways, two of which are the subject of this study: 1) the effect of social dominance, changes in social rank, and aggression on androstenone and skatole concentrations and 2) the effect of high individual androstenone concentrations or aggression on androstenone concentrations, aggressive behavior, and sexual maturity in group members.
Materials and Methods

Animals, Housing, and Management
Four successive replicates of 100 pigs (50 boars + 50 gilts) at an average live weight of 24 kg were randomly allocated to 10 pens of 10 pigs each. The total floor area of the pens measured 2.91 × 2.96 m, providing .86 m 2 per pig, consisting of solid concrete floor (.54 m 2 per pig) plus a slatted dunging area (.32 m 2 per pig). In order to create a competitive environment, no straw bedding was provided. A balanced commercial diet was fed according to scale at 0800 and 1500 daily in a 2.96-m-long trough in the front of the pen. From 20 kg of live weight, the pigs received 6.9 MJ of NE/d, gradually increasing to 23.2 MJ/d at 100 kg. The feed was based on barley, wheat, and soybean meal and contained 21.8% CP/kg of DM up to 60 kg of live weight, and thereafter 19.7% CP/kg of DM. Water was freely available from two drinking valves in the dunging area. Lights were automatically controlled and were on between 0700 and 1900. Average temperature varied between 17 and 22°C according to season. All pens were identical.
Experimental Procedure
In each replicate, the 10 pens of 10 pigs each were randomly redistributed (by the drawing of lots) three more times at 4-wk intervals (average live weight 41, 67, and 94 kg, respectively). Pens were not cleaned between regroupings. Data collection for this study took place in the 4-wk periods after the third and fourth regrouping (Periods 3 [P3] and 4 [P4], respectively), and consisted of the following: repetitive recordings of agonistic behavior in connection with the afternoon feed allocation in wk 2 and 3 after regrouping; collection of blood and feces samples in wk 4 after regrouping (average live weight 85 and 105 kg for P3 and P4 respectively); and collection of bulbourethral glands from boars and uteri plus ovaries from gilts at slaughter. Pigs were slaughtered penwise 1 to 2 wk after the end of P4, at an average live weight of 114 kg. The experiment was carried out in accordance with Danish regulations for the use of animals in experimentation (Law no. 382 of June 10, 1987, Danish Ministry of Justice).
Behavioral
Measurements. An observer recorded all occurrences of agonistic behavior in each pen 3 d per week for 20 min during the afternoon feeding. Feed was allocated manually by the observer. Two trained observers worked simultaneously and changed pens and starting points daily. The collected behavioral data included the identity of the initiator and the recipient of agonistic acts, the frequency and intensity of the interaction, and its outcome. Intensity was rated on a 7-point scale from mildest "mount" (1) and "threat" (2) to most severe "bite or chase from the rear" (7). The base ethogram has been described in detail elsewhere (Giersing and Andersson, 1998) . In addition, a rank order (0 to 9, with 9 as the dominant) was calculated based on the direction and outcome of the aggressive dyadic interactions. The severity or impact of aggression in the pen was assumed to be associated with both the frequency and the intensity of aggression. In order to obtain an overall measure of this severity, an aggression index was calculated for each individual as the product of the frequency and the intensity of aggression initiated. Conversely, an aggression received index was calculated for each individual.
Physiological Sampling. For both androstenone and skatole, high correlations have been reported between levels in fat and levels in blood plasma (r = .78 [Andresen, 1976] and r = .91 [Herzog et al., 1993] for androstenone and skatole, respectively). It, therefore, seemed justified to base results on analyses of androstenone and skatole concentrations in plasma samples.
Pigs were restrained by means of a nose sling, and blood was collected by puncture of the jugular vein (Heparin-venoject, code 121675, KRUUSE, Marslev, Denmark) . The order of sampling was randomized, and the sampling procedure was carefully standardized with respect to both time and procedure. Within 1 h, blood was centrifuged (3,000 × g for 10 min at 4°C) and plasma frozen at −20°C pending analyses for androstenone, skatole, and testosterone. During the blood sampling procedure, a fecal sample from each pig was collected (spontaneous excretion) in a beaker and sealed with a lid. Skatole content in feces was determined on the day of collection.
At slaughter, bulbourethral glands were excised and cleaned of excess tissue and weighed, and their length was measured. Female organs were removed and assessed for advance of sexual maturity, based on the stage of ovarian follicles, the presence of corpora lutea, and fetuses. Subsequently, a rating took place on a fourstage scale. 1: prepuberal; 2: proestrous to estrous (first cycle); 3: diestrous or pregnant after first estrus, and 4: proestrous to estrous or pregnant in connection with the second cycle.
Chemical Analyses. Androstenone in plasma was
measured with a double antibody enhanced luminescence immunoassay according to the method described by Andersson et al. (1998) . Skatole in plasma was measured with HPLC procedures according to the method patented by Hansen-Møller (1993) . Testosterone in plasma was measured with a solid-phase fluoroimmunoassay (DELFIA Testosterone kit, Wallac Oy, Turku, Finland). The intraassay CV was 3.8% at 8.5 ng/mL, and the interassay CV was 7.8% at .8 ng/mL, and 5.4% at 8.5 ng/mL. Skatole in feces was measured with a gas chromatographic procedure according to Jensen and Jensen (1993) .
Statistical Analyses. Data were analyzed with MIXED MODEL, GLM, and MANOVA procedures using SAS (1996), including sire, dam within sire, pen within replicate, and body weight in the models to test the effect of rank, change in rank, and aggression on androstenone and skatole concentrations; the effect of maximum androstenone and aggression levels in the pen on the androstenone concentration and the sexual development of other group members; and the relationship between androstenone, skatole, and aggression, as well as the amount of aggression received. When used as independent variables, rank, change in rank, pen maximum androstenone concentration, aggression index, and aggression received index were all considered class variables. Class boundaries were based on the distribution of data to ensure classes with different means as well as a sufficient number of animals (or pens) in each class (Table 1) . Data deviating from a normal distribution were log-transformed for analysis (initiated aggression frequency and index, plasma androstenone, and plasma skatole). When comparing pens with different characteristics, the pen was the statistical unit. When testing effects within pens, the animal was the statistical unit. Results are presented as least squares means (LSM) with SE, degrees of freedom (df = model, error), and P values. Partial correlations are given as r-values, degrees of freedom, and P-values. The statistical models are summarized in Table 2 (with model A as the basic mixed model), and will be referred to by their lettering in the Results section.
Results
The mean values and standard deviations are presented in Table 3 .
Rank (analyzed as rank-classes, see Table 1 and Table 2, Model B) was clearly related to several male variables, in that high-ranking males had the highest plasma androstenone concentration (P = .0001) in both P3 and P4 (df = 89, 102), the highest testosterone concentrations (P = .0001 in both periods), as well as the heaviest bulbourethral glands at slaughter (P = .0001, df = 67, 74) ( Figure 1 ). The rank influence on androstenone was significant regardless of the sex of the dominating pig. A change in rank from one period to the next was not related to the concentration of androstenone. In P4, but not in P3, there was also a relationship between rank and the concentration of skatole in plasma (P = .02, df = 89, 100) (Figure 1) . No connections between rank and the concentration of skatole in feces were found.
Pens were classified according to the pig with the highest concentration of androstenone in the pen, into high, medium, and low maximum androstenone pens. In pens with a high maximum concentration of androstenone (pen maximum androstenone level-class, see Table 1 and Table 2 , Model Ga) in P4, the second highest level in the pen was also higher than that in pens with a lower maximum concentration (P = .0001, df = 2, 37), just as the mean concentrations in the remaining pigs in the pen were higher (P = .0003) (Figure 2 ). In addition, a high maximum androstenone level was associated with higher mean frequency of aggression in that pen (P = .02), as well as a higher maximum aggression index (P = .02) than in pens with lower maximum androstenone levels. However, when pens were classified according to the pig with the highest aggression index in the pen (into high, medium, or low maximum aggression pens), the maximum aggression index in the pen (Table 2 , Model H) was not related to the mean androstenone level or the maximum androstenone level in the pen. The maximum aggression index was not related to the average stage of sexual maturity in the females or to the size of the bulbourethral glands of the males in the pen. Nonetheless, in P4, male pigs with low and high aggression indices also had low and high androstenone levels, respectively (Model C: P = .0001, df = 90, 98). If rank was included in this model, there was no relation to aggression, whereas if the rank-model (B) was adjusted for aggression, the influence of rank on androstenone persisted (df = 91, 97, P = .003).
Maximum androstenone level in a given pen was not related to the mean size of the bulbourethral glands of the males or to the maximum or mean stage of sexual maturity in the females of that pen (Table 2 , Model Ga). The opposite condition was investigated with the female variables "pen maximum maturation class" and "number of females that had been in estrus" in P4 (Table  1 and Table 2 , Model Gb). The maximum stage of female sexual maturity in the pen was found to influence the maximum level of male androstenone in the pen (P = .03, df = 3, 26), in that pens with a maximum maturity stage of 2 (i.e., approaching or being in first estrus at the time of sampling, see Table 1 ) had the highest maximum androstenone level. We found no relationship between the most advanced stage of female sexual maturity and either the male androstenone levels or the average size of the bulbourethral glands of the males in that pen. The number of gilts that had been in estrus in the pen was not related to the maximum level of androstenone, the mean androstenone level in the pen, the size of the males' bulbourethral glands, or the mean aggression level in the pen. However, advanced maxi- 
Pen maximum maturation (obs. = pens) 1 As in sexual maturation class (2) 2 above (1) 3 (14) 4
No. of gilts in estrus per pen (obs. = pens) 1 (6) 2 In the case of sex differences, males and females were analyzed separately. Table 4 . The male pigs' plasma androstenone levels in P4 were positively correlated with the weight of their bulbourethral glands at slaughter (r = .63, P = .0001, df = 65, 74), with their level of plasma testosterone (r = .68, P = .0001, df = 65, 71 in P3 and r = .78, P = .0001, df = 65, 74 in P4), and the level of skatole in plasma (r = .23, P = .05) but negatively correlated to skatole level in feces (r = −.35, P = .002). In P3, the Figure 1 . The effect of rank (analyzed as rank classes 1, 2, and 3) on plasma levels (least squares means ± SE) of androstenone, testosterone, and skatole in Periods 3 (ᮀ) and 4 () and weight of bulbourethral glands in Period 4. level of skatole in plasma and the level in feces were positively correlated (r = .25, P = .03, df = 65, 71), whereas this correlation was not significant (r = .15) in P4, when steroid levels were higher.
The aggression received (Table 2 , Model D) was related to the level of androstenone (P = .07, df = 90, 101 in P3 and P = .02, df = 90, 98 in P4), on level of plasma skatole in P4 (P = .01, df = 90, 99), and on the weight of the bulbourethral glands at slaughter (P = .003, df = 90, 74), in that high aggression received indices were associated with low plasma androstenone, as well as low plasma skatole levels and low gland weight. When, Figure 2 . The effects of maximum androstenone level: pens were classified according to the pig with the highest level of androstenone in the pen, into high maximum, medium maximum, and low maximum androstenone pens (maximum androstenone level classes). The ordinate shows androstenone means (with standard error bars) of pigs within pens of each class in order from highest (1) to lowest (6) level, as indicated on the abscissa. however, rank was included in the model, none of these influences was apparent. As was the case for rank, aggression received was not related to the amount of skatole in feces.
Discussion
Two interesting results have been obtained. First, the level of plasma androstenone was related to rank order, so that the high-ranking male pigs produced significantly more pheromone than lower-ranking ones. Second, there was not a suppressive effect from high pheromone-producing boars on the sexual development and pheromone production of the remaining boars of a group. Strong effects of social rank were demonstrated, with high-ranking animals having significantly higher levels of androstenone, confirming an earlier finding of Jonsson (1985) . High rank was also associated with increased testosterone level, whereas the relationship with skatole in plasma was smaller and only significant at the later age (Period 4) of testing. Although a high maximum level of androstenone in a pen was related to higher levels of aggression, the opposite was not true; a high maximum level or high mean level of aggression in a group was not associated with higher mean androstenone level. Pigs with high aggression scores in P4 did have a higher androstenone level, but, if the aggression model was adjusted for the rank of the pig, the influence of aggression was no longer apparent. However, if the rank model was adjusted for aggression level, the rank association with androstenone persisted. This led to the conclusion that the relationship between androstenone level and aggression was due mainly to a strong rank effect. Conversely, it seemed likely that low androstenone level in pigs that received the most aggression could also be attributed to the rank effect. Because change in social rank from one grouping to the next was not related to androstenone levels, current social status was of greater importance than aggressive behavior or loss of status.
As mentioned by Claus et al. (1994) , the testicular steroids are secreted in parallel, and we also found androstenone and testosterone in plasma to be highly correlated. Testosterone-mediated dominance and aggression has been demonstrated in laboratory animals (e.g., mice and rats), in which high testosterone levels gave rise to high levels of aggression and dominance (Albert et al., 1987; Blanchard and Blanchard, 1990 ; review by Ellis, 1986) . In these cases, testosterone levels before encounters could predict behavior and status. In primates, testosterone levels per se did not affect aggression, just as castration did not necessarily reduce aggression (Kling, 1975) , but dominance and aggression were found to be influenced by a number of complex social circumstances, including previous experience (Ellis, 1986; Monaghan and Glickman, 1992) . Testosterone, thus, increased as a result of fighting, especially after victory or success, which would relate to high status (Rose et al., 1972 (Rose et al., , 1975 Mendoza et al., 1979; Bouissou, 1983) . The present results tend to put pigs in a category in which status affects endocrine responses, including androstenone production. The findings of Liptrap and Raeside (1978) and Edquist et al. (1980) show that testosterone in boars increases after exposure to another aggressive boar. It is conceivable that acute fighting could cause a corresponding surge in androstenone, just as mating has been shown to cause an increase in levels of both testosterone and androstenone (Andresen, 1976; Claus and Alsing, 1976; Lundström et al., 1978; Narendran et al., 1982) . Although rank seemed more important than aggression per se in the present study, boars with high aggression scores were also found to have high androstenone levels.
Based on literature on other species and hypotheses put forward concerning pigs (Kattesh et al., 1979; Claus et al., 1994) , there was some expectation that a high level of androstenone in a group would lead to inhibition of sexual development and, therefore, lower levels in the remaining males of that group. This was not the case. A high maximum level in the group instead seemed to have a stimulating effect, so that the secondhighest level in such a group, and the mean level of the remainder (minus the maximum level), also was higher than in groups with lower maximum levels. Narendran et al. (1980) found that group-housed boars tended to have higher androstenone levels than individually housed boars, which lends some support to the result.
Other examples of pheromone effects on dominance and aggression include studies on hamsters, in which flank marking replaces initial aggression as a sign of dominance. When flank glands are removed, aggression persists, showing that it is not enough to show marking behavior without the dominance odor (Ferris, 1992) . Mice have been shown to produce an aggression-promoting pheromone (Mugford and Nowell, 1970) . Investigations on the role of androstenone as an aggression modulating pheromone in pigs have not revealed consistent results. They have shown reducing effects in young prepuberal pigs (McGlone et al., 1986; McGlone and Morrow, 1988) , no effect in postweaning sows (Stansbury and McGlone, 1987) , or even slightly increased aggression from gilts toward like-sized, saliva-champing boars (Parrott et al., 1985) . In the present study, a high maximum level of androstenone was associated with a high maximum level, as well as mean level, of aggression in that pen.
The apparently stimulating effect of high androstenone level on the androstenone level of penmates may be related to the social structure and mating behavior of pigs. Pigs are distinct from almost all other ungulates. Commonly, the males of a species are the territory holders, and the females are part of the group dominated by the male, at least for part of the year. In pigs, females live in stable matriarchal groups and defend their own resources. Males are only loosely associated to the females in connection with mating. They live in (probably familial) all-male groups, and later solitarily. Estrous females are active in seeking out the boar. Functionally, there is no need for an inhibitory mechanism; rather, the mating system is characterized by opportunism. Prepuberally and during puberty, domestic boars mount each other as much as they mount available females, just as they readily mount a dummy sow for semen collection. These mounting and mating activities cause an increase in testosterone and androstenone (Andresen, 1976; Claus and Alsing, 1976; Lundström et al., 1978; Narendran et al., 1982) . The results could, therefore, indicate that young boars probably stimulate each other to sexual maturity.
The stimulating effect could also have an additional explanation. The presence of an estrous female in a pen, allowing mounting and mating activity, may have a particularly stimulating effect on the boars in that pen. In this case, several boars could be stimulated by an estrous sow in the pen, and not specifically by the high level of androstenone in other boars. Pigs were slaughtered penwise 1 to 2 wk after sampling for androstenone, and female sexual maturity was assessed at slaughter. The increase in testosterone and androstenone levels, caused by mounting and copulation, endures for a few days, and longer in fat than in plasma (Claus, 1976) . The role of the gilts in this study is not supported by a relationship between a high maximum stage of female sexual maturity in the pen and the maximum androstenone level in the boars, and there was also a lack of relationship between the number of females that had been in estrus in the pen and the maximum level of androstenone in the males of that pen. Although these relationships should be interpreted with some caution in the present experiment, because the exact time of estrus and the mounting/mating activity were not known, one could have expected an effect of the estrus frequency in the pen on the development of the bulbourethral glands, if not on the plasma androstenone levels. There was instead an effect of high maximum stage of sexual maturity in the pen on the average level of the remaining gilts in the pen, pointing toward a synchronizing effect among the gilts.
Although the maximum level of androstenone in a pen did not influence the mean size of the bulbourethral glands in the pen, there was a fairly high and significantly positive correlation between androstenone level and the size of the bulbourethral glands of individual boars. This coincides with the findings of Førland et al. (1980) and Bonneau and Russeil (1985) that identified bulbourethral gland size as the best single predictor of high androstenone levels. Another accessory sex feature associated with sexual maturity of boars, is the development of the submaxillary gland with its content of specific androstenone-binding protein. Babol et al. (1996) found the size of this gland and the size of the bulbourethral gland to be the two best determinants of boar taint odor, even better than the androstene levels in fat.
The size of the bulbourethral glands was also significantly related to the status of the animal. A connection between accessory sex organs and dominance has also been demonstrated in other species. Bramley and Neaves (1972) found that territorial impala have increased testosterone levels and bulbourethral glands twice as large (but not other accessory sex glands) as those of nonterritory holders; this was a consequence, not a cause, of their status. Dominant rats have the highest testosterone levels and largest preputial glands (Dijkstra et al., 1992) .
The social role of skatole is not as clear. The present study showed that levels in plasma follow that of androstenone and testosterone, which may be related to the liver's metabolic capacity (Babol et al., 1997) and the effect of steroids on this metabolism. Because the relationship with rank was only evident in P4, the lower level of steroids in P3 may not yet have affected the liver metabolism. In P4, plasma and fecal skatole levels were no longer related, but there was a moderate negative correlation between skatole content of feces and plasma levels of the male steroids that may point to a role of male steroids in the absorption or the production of skatole from the intestine. The present result is, however, opposite the positive relationship between steroid levels and skatole formation found by Claus et al. (1994) . Skatole in feces was not affected by indicators of social stress, such as received aggression or low rank. The amount of skatole in the hindgut is a consequence not only of microbial production and absorption to the blood, but also of gastrointestinal transit time of digesta (Jensen and Jensen, 1998) . It was, thus, expected that skatole production in feces, as well as the levels absorbed into blood, would be influenced by stressors, such as social conflict, that stimulate eliminative behavior (Grauvogl and Buchenauer, 1976) , but no such effect was found.
Implications
We conclude that pig androstenone concentrations cannot be reduced in a group by the presence of a strongly tainted pig; on the contrary, if the enhancing effect is due to between-male stimulation, strong-smelling pigs should be removed. If it is due to sexual activity, such activity should be avoided. Although a significant rank effect was found, whatever the sex of the dominating animal in the pen, the effect of untainted dominants needs to be further explored. Rank effect seemed stronger than aggression effects. However, a competitive environment in which the rank order is upheld through much aggression, or fighting severe enough to cause an acute increase in testosterone, could possibly increase androstenone concentration. This, and the duration of such a response, remain to be demonstrated. There does not seem to be social effects on skatole concentrations, other than those explainable by steroid levels.
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